Introduction
============

miRNAs constitute a category of small RNAs, ranging between 19 and 25 nucleotides in length, which are generated from endogenous hairpin-shaped transcripts. They function predominantly as post-transcriptional regulators of gene expression by hybridizing to the 3^′^ untranslated regions (3^′^UTRs) of target mRNA molecules \[[@B1],[@B2]\], leading to translational repression or cleavage of the target mRNA \[[@B3]\]. The first described miRNA, known as *lin4*, was discovered in *Caenorhabditis elegans* by Lee et al. in 1993 \[[@B4]\]. This was later followed by the discovery of *let7*\[[@B5]\], which was found to be highly conserved across many different species \[[@B6]\], indicating the widespread existence of miRNAs in eukaryotes. More than 1,500 human miRNA sequences have been reported in the human genome to date (miRBase; <http://www.mirbase.org/>), of which 50% have been found to occur within clusters, targeting either the same or different genes within the same biological pathway \[[@B7]\]. It has become apparent that miRNAs regulate the expression of at least 30% of all protein-coding genes in mammalian genomes \[[@B8]\], underlining their likely role in human genetic disease. Novel techniques developed for the identification of miRNAs have been instrumental in the rapid progress made by miRNA research. miRNAs play an important role in the development and progression of cancer. With an ever-increasing number of studies focusing on the roles of miRNAs in cancer, whether operating as oncogenes or tumour suppressor genes, our understanding of the way in which miRNAs function is steadily improving, and hence the number of potential therapeutic applications for miRNAs should also increase.

In this review, the structure, function and biogenesis of miRNA molecules are discussed in reference to the recent developments that focus upon the role of miRNAs in relation to neurofibromatosis type 1.

miRNA biogenesis, export and function
-------------------------------------

The process of miRNA biogenesis involves miRNA transcription, the transport of the miRNAs to the cytoplasm and subsequent maturation. miRNA biogenesis has been reviewed in detail by Ladomery et al. \[[@B9]\] and will not be specifically discussed here. However, the basic process has been summarised in Figure [1](#F1){ref-type="fig"}.

![**The flowchart highlights the processes involved in the following miRNA biogenesis: (1) The process begins inside the nucleus, where RNA polymerase II or III initiates the transcription of miRNA-coding genes to produce 'pri-microRNA's**\[[@B10],[@B11]\]. (2) A microprocessor complex comprising both Drosha, an RNase III class enzyme, and Pasha, identifies and cleaves pre-microRNAs generating pre-microRNAs \[[@B12]-[@B14]\]. (3) Pre-microRNA molecules are transferred to the cytoplasm through exportin-5-mediated transport, which uses GTP that is bound to the Ran protein. The function of exportin-5 is dependent upon the GTP-bound form of the Ran co-factor for specific binding to the corresponding substrates. Therefore, this process comprises the hydrolysis of Ran-GTP to Ran-GDP, via the Ran GTPase-activating protein in the cytoplasm \[[@B15],[@B16]\]. (4) In the cytoplasm, Dicer acts to cleave pre-miRNA molecules and, with the action of Argonaute 2 which is required for miRNA-induced silencing, forms an RNA-induced silencing complex (RISC) leading to the creation of a miRNA-induced silencing complex (miRISC). (5) Interaction between the miRNA and its target mRNA in the miRISC can cause either translational repression or miRNA degradation depending upon the degree of complementarity.](1479-7364-6-23-1){#F1}

The mechanism by which mature miRNAs regulate gene expression depends upon the level of complementarity that exists between the miRNA and its target mRNA \[[@B17]\]. Gene silencing can be effected either by mRNA degradation or by inhibiting the mRNA from being translated. It has been shown that if there is complete complementarity between the miRNA and target mRNA sequence, then Argonaute 2, a member of the Argonaute protein family, can carry out strand selection and separation causing an RNA-induced silencing complex (RISC) to bind to its mRNA target, leading to mRNA degradation which in turn impacts upon translation \[[@B18]\]. If, however, the complementarity is imperfect, as seen in most cases, translational repression ensues \[[@B19]\]. Therefore, the main function of miRNAs appears to be in the context of gene regulation via mRNA degradation. Rarely, miRNAs can also bring about histone modification and DNA methylation of gene promoter regions, thereby indirectly altering the expression of target genes \[[@B20],[@B21]\].

Methodologies
=============

miRNA expression profiles can be used both to categorize different types of cancer and to identify miRNA markers that can help in making prognostic predictions \[[@B22]\]. Initially, northern blotting was used to detect pre-miRNAs and mature miRNAs and to provide information about the regulation of the enzymes involved in miRNA biogenesis \[[@B23]\]. Real-time polymerase chain reaction (PCR) and microarray techniques have also been tailored to detect the expression of pre-miRNAs and mature miRNAs using either SYBR Green dye or TaqMan probes (Sigma-Aldrich Corporation, St. Louis, MO, USA) \[[@B24]\]. Further, Liu et al. in 2004 \[[@B25]\] used oligonucleotide microchips to identify distinct miRNA expression patterns in breast cancer and B cell chronic lymphocytic leukaemia. Nevertheless, miRNA microarray techniques are constantly being improved; thus, Neely et al. in 2006 \[[@B26]\] developed modified oligonucleotide arrays where probes for each miRNA were designed and labelled with different fluorophores whereas Lu et al. in 2005 \[[@B27]\] used a flow cytometry-based method analysis to demonstrate expression of miRNAs from a range of different samples. Both methods allowed the quantification of miRNA expression, thereby making cancer diagnosis through miRNA analysis more specific and accurate. The advantage of using miRNAs as markers instead of mRNAs lies in their ability to aid the classification of poorly differentiated cancers, as evidenced by the study by Rosenfeld et al. in 2008 \[[@B28]\], suggesting that miRNAs can be used to correctly identify the tumour tissue of origin.

The potential role of miRNAs in pathology has been studied by looking not only at their single nucleotide polymorphisms (SNPs) but also at their copy number variation (CNV). Functional polymorphisms in the 3^′^UTRs of miRNA genes have been reported to be associated with cancer by virtue of their altering gene expression. SNPs may occur in miRNA biogenesis pathway genes, primary miRNAs, pre-miRNAs or mature miRNA sequences and have the potential to affect the efficiency of miRNA binding to their target sites or alternatively can create or disrupt miRNA binding sites \[[@B29]\]. In a recent study, Gong et al. \[[@B30]\] identified 48 SNPs in human miRNA seed regions and a large number of SNPs in 3^′^UTRs with the potential to either disturb or create miRNA target interactions. They confirmed the loss-of-function and gain-of-function SNPs by luciferase assay.

Zhang et al. in 2006 \[[@B31]\] found that a large proportion of loci containing miRNA genes exhibited somatic copy number alterations and, amongst the three cancer types, they identified 41 miRNAs with copy number changes. These miRNA copy number changes also correlated with the levels of miRNA expression in these cancers. High frequency copy number changes were also noted in the genes encoding Dicer (*DICER1*) and Argonaute 2 (*EIF2C2*), both of which are required for miRNA biogenesis. These findings are compatible with the view that somatic miRNA copy number changes are common in cancer and could potentially account for at least a proportion of the miRNA deregulation found in many tumour types. Using bioinformatic tools, Marcinkowska et al. in 2011 \[[@B32]\] have demonstrated that miRNA loci are under-represented in highly polymorphic and well-validated CNV regions. Thus, CNV-miRNAs represent functional variants of potential importance for genotype/phenotype association studies.

miRNAs in neurofibromatosis type 1
----------------------------------

Neurofibromatosis type 1 (NF1), a familial tumour predisposition syndrome, is characterised by the growth of benign and malignant tumours involving the peripheral and central nervous system. NF1 results from inactivating germline mutations of the *NF1* gene located at 17q11.2 \[[@B33]\]. Most NF1 patients develop multiple benign cutaneous neurofibromas, with approximately 30% to 50% of patients also developing larger plexiform neurofibromas. About 10% of patients eventually develop malignant peripheral nerve sheath tumours (MPNSTs), which are aggressive tumours that pose significant diagnostic and therapeutic challenges. Half of all MPNSTs diagnosed occur in association with NF1, with affected patients exhibiting a poor prognosis. With no effective treatment available, radical surgery and chemo and radiotherapy are required to reduce tumour recurrence and metastasis and prolong patient survival.

The process of MPNST pathogenesis is poorly understood owing to its complex histopathology and the underlying molecular mechanisms. Biallelic *NF1* gene inactivation is essential for tumour development. However, it is now known that additional molecular changes and the tumour micro-environment are associated with the progression of this type of tumour. There is currently no defined molecular signature for MPNST development. Constitutive activation of several critical cell signalling cascades also occurs in MPNSTs. Multidisciplinary collaborative efforts are clearly essential to fully decipher both the complex molecular basis of MPNST development and to define potential therapeutic targets.

A general characteristic of cancer cells is uncontrolled growth and, in many cases, miRNAs can either promote or suppress this growth. Previous investigations have shown that miRNAs have key functions in the development of cancer, in relation to a range of different cellular processes including cell differentiation, developmental control, neural development, cell proliferation, apoptosis \[[@B34],[@B35]\] and organ development \[[@B3]\]. Thus, the role of a given miRNA in cancer pathogenesis can be categorised as being either of oncogene or tumour suppressor gene nature. Moreover, it is thought that \>50% of miRNA-coding genes are located in cancer-associated genomic regions or in fragile sites \[[@B36]\]. It is now known that miRNAs are associated with a range of different cancers, including chronic leukaemias, acute leukaemias and myelodysplastic syndromes, lymphomas, multiple myeloma, hepatocellular carcinoma, breast, lung and colon cancer, amongst others.

Several research groups have studied the role of miRNA in NF1-associated malignancy. Here we focus on miRNAs miR-29c, miR-34a, miR-214, miR-10b, miR204 and miR-21 which have previously been directly implicated in NF1 tumorigenesis (summarized in Table [1](#T1){ref-type="table"}).

###### 

**Functionally characterised miRNAs identified in NF1**-**MPNSTs**

  **miRNA**   **Change in expression in MPNSTs**   **Tumour suppressor or oncogene role**   **Reference**
  ----------- ------------------------------------ ---------------------------------------- -------------------
  miR-34a     Down-regulated                       Tumour suppressor                        \[[@B37]\]
  miR-214     Over-expressed                       Oncogene                                 \[[@B37]\]
  miR-10b     Over-expressed                       Oncogene                                 \[[@B37],[@B38]\]
  miR-29c     Down-regulated                       Tumour suppressor                        \[[@B39]\]
  miR204      Down-regulated                       Tumour suppressor                        \[[@B40]\]
  miRNA-21    Over-expressed                       Oncogene                                 \[[@B41]\]

miR-34a
-------

One of the earliest studies of miRNAs in NF1 was carried out by Subramanian et al. \[[@B37]\]. Their genome-wide transcriptome analyses revealed that the development of malignancy from neurofibroma to MPNST correlates with the loss of expression of a number of genes rather than an increase in expression. This subsequently led to miRNA expression profiling which demonstrated the down-regulation of miR-34a in most MPNSTs as compared to neurofibromas. This loss of miR-34a could contribute to the development of malignancy. miR-34 is known to be a direct target of p53 in a variety of neoplasms including colorectal carcinoma and neuroblastoma in which lower levels of this miRNA are associated with the suppression of apoptosis. Forced expression of miR-34a in MPNST cell lines that are deficient in miR-34a leads to increased apoptosis whereas the forced expression of p53 in the same cell line results in a similar effect, indicating that the expression of p53 results in apoptosis through a mechanism involving miR-34a. The study of Subramanian et al. in 2010 also revealed an increase in the expression levels of a further nine miRNAs, following induced expression of p53 in MPNSTs. Interestingly, six of these (including miR-638, miR-373, miR-492, miR-126, miR-140 and miR-491), have been shown to be involved in promoting tumorigenic processes such as invasion, proliferation and metastasis.

Using a systems biology approach, Lee et al. \[[@B42]\] identified a regulatory network which involved the E2F family: E2F7/E2F8 in several cell cycle-related gene modules. miR-34a over-expression was found to lead to increased activity of E2F7/E2F8 transcription factors and cell cycle genes. These transcription factors are disproportionately associated with DNA damage repair, cell growth and development \[[@B42],[@B43]\], and the altered expression levels of this family of transcription factors has been noted in cancerous cells \[[@B44]\], indicating that miR-34a could be a target for therapeutic intervention. As E2F transcription factors are involved in transcriptional regulation as well as in DNA repair and cell proliferation, it is possible that an alteration in the expression of activators and suppressors of E2F7 and E2F8 transcription may play a role in the development of MPNSTs. However, recent data by Presneau et al. \[[@B39]\] failed to confirm the work by Subramanian et al. \[[@B37]\] regarding miR-34a. This was deemed to be due either to differences in the methodologies used or to the use of different groups of patients based on differences in NF1 diagnostic criteria. Recent reports indicate that miR-34a has also been shown to act as a tumour suppressor through its dysregulation in a number of other carcinomas including glioblastoma multiforme tumours \[[@B45]\], breast cancer \[[@B46]\], head and neck squamous cell carcinoma \[[@B47]\] and osteosarcoma \[[@B48]\], suggesting that it could represent a significant gene target in cancer therapeutics.

miR-214
-------

Subramanian et al. \[[@B37]\] identified miR-214 as having the highest expression level of all miRNAs screened in their study of NF1-MPNSTs. miR-214 had previously been shown to be expressed at an increased level in the blood of breast and ovarian cancer patients, indicating that it could be used as an indicator of malignancy \[[@B49],[@B50]\]. Yang et al. \[[@B50]\] proposed that miR-214 induces cell survival and cisplatin resistance through targeting the 3^′^UTR of the *PTEN* gene, which leads to down-regulation of the PTEN protein and the activation of the Akt pathway, thereby promoting cell survival. More recently, Peng et al. \[[@B51]\] found that miR-214 can inhibit cancer cell proliferation and migration by targeting *GALNT7.* This is supported by data from Shih et al. \[[@B52]\], who showed that miR-214 down-regulation can contribute to tumour angiogenesis and is associated with increased tumour recurrence and a poor prognosis. In their study, Subramanian et al. \[[@B37]\] also identified a metastasis-promoting factor, *TWIST1*, as promoting expression of miR-214. *TWIST1* had previously been noted to increase metastasis in a number of different carcinomas, but its exact role in NF1 tumorigenesis has not yet been elucidated. Taken together with the above data, it is suggested that *TWIST1* may regulate miR-214 expression thereby contributing to tumorigenesis \[[@B53]\].

miR-10b
-------

By inhibiting the expression of miR-10b in NF1-MPNSTs, Subramanian et al. \[[@B37]\] demonstrated decreased cell proliferation and migration, indicating an important function for miR-10b in the transformation of benign NF1-associated neurofibromas to MPNSTs. These workers also showed that the expression of miR-10b is considerably higher in NF1-MPNST cell lines, NF1-MPNST tumour tissues and primary Schwann cells by comparison with benign neurofibromas. This suggests that miR-10b could act as a biomarker to differentiate between NF1-MPNSTs and neurofibromas. miR-10b belongs to the miR-10 cluster of miRNAs and is highly conserved between different species. Its location within the Hox gene clusters suggests that it could share the same mechanisms of regulation as the Hox genes \[[@B54]\]. Supporting this notion that over-expressed miRNAs of the miR-10 family may play a role in cancer, miR-10b has also been found to be overexpressed in B cell chronic lymphocytic leukaemia \[[@B36]\] as well as in acute myeloid leukaemias associated with mutations in the *NPM1* gene \[[@B55]\].

miR-10b expression has also been shown as enhanced by increased expression of *TWIST1* in MPNST cells \[[@B56]\]. Chai et al. \[[@B38]\] have suggested that it is the increased expression of *TWIST1* that may cause increased expression of miR-10b in the MPNSTs of NF1 patients. In their study, which compared MPNST cell lines from NF1 patients with those from sporadic tumours, Chai et al. \[[@B38]\] identified miR-10b, miR-155 and miR-335 as being over-expressed and Let-7a and Let-7b as being under-expressed in the NF1-MPNST cell lines. Further investigation showed that miR-10b reduced cell migration, invasion and proliferation. While inhibiting miR-155 did not correct the abnormal growth behaviour of NF1 MPNST cells, inhibiting miR-335 or enhancing let-7a expression partially corrected some abnormal growth properties of these tumour cells. These findings suggest that changes in miR-155 may represent a consequence of NF1 MPNST tumour formation, while changes in miR-335 and let-7 expression may contribute to progression of NF1 MPNSTs. These speculations are supported by the observation that *RAS* and *tenascin C* are deregulated in NF1 MPNSTs. Subsequently, these authors went on to demonstrate that miR-10b targets the *NF1* mRNA 3^′^UTR, thereby repressing the expression of neurofibromin protein. Therefore, it is suggested that miR-10b could specifically target neurofibromin to control NF1 tumorigenesis and progression. Irrespective of whether or neurofibromin is functional, as long as there is expression of the *NF1* mRNA, it is possible for the miR-10b to target its 3^′^UTR to suppress expression of neurofibromin protein. Chai et al. \[[@B38]\] also suggested that miR-10b could target other genes, and co-operate with other miRNAs such as miR-335 and let-7, to promote NF1 tumorigenesis and progression.

miR-29c
-------

Presneau et al. \[[@B39]\] aimed to identify a molecular target to help discriminate between neurofibromas and MPNSTs. In their study of ten matched pairs of samples of MPNSTs and neurofibromas from NF1 patients, Presneau et al. \[[@B39]\] showed miR-210 to have been upregulated, and a series of miRNAs to have been down-regulated (miR-30e, miR-30c, miR-340, miR-139-5p, miR-29c and Let-7g) in MPNSTs. Of these miR-29c was the most down-regulated; the gene targets of miR-29c include *COL1A1*, *COL21A1*, *COL5A2* and *TDG*, all of which were down-regulated in MPNSTs. This was confirmed using synthetic oligonucleotide mimics. Further assays showed increased migration and invasion of MPNST cells following treatment with a miR-29c mimic. Presneau et al. \[[@B39]\] postulated that the decreased expression levels of miR-29c are mediated by the activation of a hepatocyte growth factor receptor, *cMET*, which has been shown to be activated in MPNSTs. This hypothesis is supported by the findings of Kwiecinski et al. \[[@B57]\] who demonstrated that hepatocyte growth factor receptor can inhibit collagen synthesis by activating miR-29a and miR-29b. Together, these data suggest that miR-29c is regulated by the action of *cMET* which, when activated, can stimulate miR-29 to control cell migration and invasion. Thus, miR-29c can act as a tumour suppressor and could potentially be used as a means to distinguish malignant from benign tumours. This suggestion has been borne out by findings in colorectal cancer, where analysis of mRNA expression profiles has indicated that miR-29c can predict the recurrence of colorectal cancer \[[@B58]\], and in hepatitis B virus-related hepatocellular carcinoma, where miR29c inhibits cell proliferation and promotes apoptosis \[[@B59]\].

miR-204
-------

Recently, Gong et al. \[[@B40]\] reported that miR-204 contributes to the growth of MPNSTs, particularly in NF1. They postulated that this miRNA plays an important role in the carcinogenic process as it is found in cancer-associated regions of the genome and has previously been shown to be subject to high-frequency loss of heterozygosity in tumours \[[@B60]\]. miR-204 has also been found to act as a tumour suppressor gene in various other tumours including breast, kidney and prostate cancers \[[@B61]\]. This study demonstrated that the expression of miR-204 is down-regulated in tissue, which is derived from both NF1- and non-NF1-related tumours. By inducing the expression of miR-204 in MPNSTs of both NF1 and non-NF1 origin, the abnormal cellular characteristics were reversed and cell proliferation was reduced. Specifically in an NF1-related tumour cell line, induced expression of miR-204 resulted in decreased progression of malignancy and tumour development. Further bioinformatic analysis revealed that miR-204 targets *HMGA2*, a gene that regulates RAS signalling, suggesting that miR-204 may also contribute indirectly to the development of malignancy. It was also found that *HMGA2* expression is inhibited by miR-204, revealing an alternative pathway for tumour progression. It is still not clear whether miR-204 alone is sufficient to promote carcinogenesis in MPNSTs, as earlier studies have indicated that p53 inactivation and subsequent loss of expression of miR-34a may contribute to MPNST development \[[@B37]\]. Although these results have only been confirmed *in vitro*, miR-204 could potentially act as a biomarker for cancer diagnosis as well as an effective target for the development of therapeutic treatment.

miR-21
------

In a recent study, Itani et al. \[[@B41]\] analysed a panel of 12 MPNSTs, 11 neurofibromas, five normal nerves and three MPNST cell lines by mRNA expression profiling. The expression of miR-21 was significantly higher in MPNSTs than in the neurofibromas or MPNST cell lines. Transfection of miR-21 inhibitor significantly increased caspase activity (*p* \< 0.001) and suppressed cell growth (*p* \< 0.05) while upregulating the level of PDCD4 protein. Hence, these results indicate that miR-21 is likely to play an important role in MPNST progression through its target *PDCD4*.

NF1 microdeletions
------------------

It has been estimated that 5% of NF1 patients possess a germline 1.4-Mb microdeletion \[[@B62]\]. This results from the unequal recombination between two homologous NF1 low copy-number repeats \[[@B63]\]. NF1-microdeleted patients have an increased risk of developing MPNSTs \[[@B64]\]. They also appear to exhibit a more severe clinical phenotype in comparison to individuals with intragenic *NF1* mutations \[[@B65]\]. Analysis of the NF1 microdeleted region reveals that it contains a minimum of 16 protein coding genes, four pseudogenes and two microRNAs \[[@B66]\]. A recent study by Pasmant et al. \[[@B67]\] looked at the two miRNAs located within the 1.4-Mb microdeleted region in a set of MPNSTs and benign neurofibromas of NF1 microdeleted patients. They found that the two miRNA genes (*MIR3652* and *MIR193A* at 17q11.2 encoding miR-365-2 and miR-193a, respectively) displayed no differences in the expression between the tumour types, despite miR-193a having been previously categorized as a tumour suppressor in oral squamous cell carcinoma \[[@B68]\] and despite miR-365-2 having been identified as having an anti-proliferative role in colon cancer \[[@B69]\]. Further study will be required to assess the possible role of these two miRNAs in NF1 tumorigenesis.

NF1-phaeochromocytomas
----------------------

Tömböl et al. \[[@B70]\] analysed the expression pattern of miRNAs in patients with NF1-associated pheochromocytomas by real-time quantitative reverse-transcription PCR. The results of their study revealed 16 differentially expressed miRNAs; their pathway analysis suggested that Notch- and G-protein-coupled receptor signalling may be involved in tumour recurrence. These authors also demonstrated the successful use of formalin-fixed paraffin-embedded samples for the analysis of miRNAs in phaeochromocytomas.

Epigenetic regulation of microRNAs in cancer
--------------------------------------------

DNA methylation in the 5^′^ regulatory regions of genes is a major epigenetic mechanism. The role of aberrant DNA hypermethylation in the regulation of miRNA expression in human cancer has also been explored \[[@B71]\]. This study identified 122 miRNAs which were reported to be epigenetically regulated in 23 cancer types. Human oncomirs (miRNAs) with a role in cancer are designated as oncogenic miRNAs or oncomirs. High methylation levels compared to the protein-coding genes and at least half of the epigenetically regulated miRNAs were involved with different cancer types.

Both DNA methylation and mRNA regulation can suppress gene expression and their corresponding gene product. Su et al. \[[@B72]\] demonstrated that miRNAs tend to target genes with a low level of DNA methylation level in their promoter regions. They also found that miRNA target sites were significantly enriched in genes located in differentially methylated regions or partially methylated domains and that cancer genes tend to be characterized by a low level of methylation and more miRNA target sites.

miRNAs as prognostic and diagnostic biomarkers
----------------------------------------------

Dysregulation of miRNAs is fundamental to the pathogenesis of many cancers. miRNAs that regulate the expression of tumour suppressor genes and oncogenes are candidates for use in targeted therapies \[[@B73]\]. An improved understanding of the underlying molecular mechanisms is still required for many cancers so as to make possible the development of effective targeted therapies. Krutzfeldt et al. \[[@B74]\] created chemically modified antagomirs, molecules which are complementary to miRNAs and which provide a useful way of silencing specific miRNAs *in vivo*. Just as one miRNA may regulate multiple targets, one target may also be regulated by a number of different miRNAs. Hence, specificity is an important factor to consider in designing a therapeutic approach.

miRNAs are increasingly being identified as useful diagnostic and prognostic markers. One example of this is in hepatocellular carcinoma (HCC) in which it has been shown that low levels of miR-26 can be indicative of a poor prognosis \[[@B75]\]. These patients have also been shown to benefit from a specific type of interferon-α therapy, showing that miR-26 can be used to identify HCC patients who would be more likely to respond well to this type of treatment. miRNAs can also be shown to overcome drug resistance when targeted, in chemo-resistance \[[@B76]\] and resistance to anti-oestrogenic therapies \[[@B77],[@B78]\], demonstrating the range of different treatment methods to which miRNAs can contribute. miRNA delivery may be used to counteract carcinogenesis. miRNAs are reliable biomarkers for testing the efficiency of chemoprevention and may be used to counteract carcinogenesis \[[@B79]\].

As well as individual miRNAs being able to act as biomarkers and therapeutic targets, Han et al. \[[@B80]\], have shown that the three genes involved in miRNA biogenesis, namely *DICER1*, *DROSHA* and *XPO5* (exportin 5), have also been shown to have therapeutic potential, at least in the case of bladder urothelial carcinoma. These genes are vital for miRNA development, and their silencing results in the inhibition of cell proliferation and apoptosis. Han et al. \[[@B80]\] showed that all three genes were up-regulated and had higher expression in high-grade carcinomas than low-grade carcinomas. These differential expression patterns indicate that *DICER1*, *DROSHA* and *XPO5* could play active roles in carcinogenesis.

The use of miRNAs as useful biomarkers of tumorigenesis is supported by the finding that they are secreted into bodily fluids \[[@B81]\] and, hence, are circulating around the body so that they can be easily and accurately observed by means of microarray and quantitative PCR methods, allowing their detection to be both sensitive and specific \[[@B82]\]. There are already clinical diagnostic tests available that use miRNAs as biomarkers, such as the ProOnc TumorSource Dx, a proprietary test offered by Prometheus Labs (San Diego, CA, USA) (<http://www.prometheuslabs.com>), that determines the expression levels of 48 different miRNA biomarkers in a tissue sample, from which the results are used to determine the tissue of origin of metastatic cancer.

Conclusions
===========

The discovery of miRNAs nearly 20 years ago introduced us to a new regulatory mechanism enabling a better understanding of the molecular pathogenesis of cancers. Dysregulation of miRNAs is fundamental to the pathogenesis of many cancers. miRNAs have the potential to target as many as several hundred genes simultaneously making them attractive prognostic biomarkers and therapeutic targets in cancer. miRNAs are not only involved in tumour progression, but also play a role in cancer invasion, metastasis, epigenetic alterations, chemo-resistance and radio-resistance. Although research on the role of miRNAs in NF1 tumorigenesis is still in its infancy, the experimental data obtained so far indicate that a number of miRNAs may be involved in NF1 tumorigenesis, including miR-29c, miR-34a, miR-214, miR-10b, miR-204 and miR-21. However, we lack an understanding of how different miRNAs identified in NF1 tumours might interact with neurofibromin and other tumour-associated proteins and whether these miRNAs can be linked to specific cancer signalling pathways. miRNAs involved in regulating the expression of oncogenes and tumour suppressor genes are candidates for targeted therapy for NF1 tumours. Therefore, it is hoped that the study of these small RNAs will eventually make a significant difference in treating NF1, at least to delay, if not entirely eliminate, the onset of tumorigenesis. The identification not only of differentially expressed microRNAs in tumours but also their target genes is providing new avenues for therapeutic approaches. As with any new therapeutic approach, there are of course many obstacles to be overcome before miRNAs can be used in clinical practise. However, it appears to present a very promising therapeutic avenue.
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